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RemediationAbstract The aim of this study was to identify the potential for cultivation of Chlorella pyrenoi-
dosa and Scenedesmus abundans in raw and autoclaved domestic wastewater (sewage) for nutrient
removal, in a batch process. The growth was observed by measuring chlorophyll content. The
inoculum size of 10% and 20% was used and the growth of microalgae and nutrient removal
was monitored on daily basis. The maximum removal of ammonium nitrogen, phosphate and
nitrates by Chlorella pyrenoidosa in raw samples was observed as 99%, 96% and 80%, respectively,
whereas the maximum removal of ammonium nitrogen, phosphate and nitrates by Scenedesmus
abundans in raw samples was observed as 98%, 95% and 83%, respectively. The maximum chloro-
phyll content was observed as 11.33 mg/l and 7.23 mg/l for C. pyrenoidosa and S. abundans, respec-
tively, in raw samples. The experimental results reveal that both the microalgae are capable to grow
and remove the nutrients from domestic wastewater.
 2015 Faculty of Engineering, Alexandria University. Production and hosting by Elsevier B.V. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).1. Introduction
An alternative source for producing biofuel in present scenario
helps in reducing environmental impact across the globe.
Facilitating photosynthetic process of harnessing CO2 for its
growth and storing as energy source for biofuel production,
compared to other microbes such as bacteria and fungi, estab-
lish algae as sustainable products for biofuel production [1].
Also, bio-energy production based on photosynthesis requiresless water for cultivation of microalgae compared to other
sources [2–4]. However, cultivating microalgae in freshwater
for biodiesel production at large scale is still a challenging part
as there is an increase in demand for freshwater for various
purposes. The ideology of cultivating microalgae in wastewater
is to reduce the growth media components for cultivation and
also it helps in cleaning up (i.e., nutrient removal) the wastew-
ater [5].
Although several other photosynthetic groups exist such as
phototrophic bacteria, cyanobacteria, and diatoms, green
microalgae are importantly used for cultivation in various
wastewater sources. Microalgae also utilize inorganic nutrients
such as Chlorides and sulfates that are needed to be removed
from wastewater. Nitrogen and phosphates are important
Table 1 Characteristics of sewage wastewater sample.
Parametersa Values
Turbidity (NTU) 379
pH 7.7
Alkalinity 365
Biological Oxygen Demand 236
Total Hardness 19
Chemical Oxygen Demand 286
Sulfates 32
Total solids 3500
Ammoniacal nitrogen 992
Nitrates 197
Phosphates 286
Chlorides 268
a All parameters (except pH and turbidity) are in mg/l.
1292 B. Lekshmi et al.compounds that play a major role for algal growth in
wastewater systems. Nitrates, Nitrites and Ammonium are
the important nitrogen sources for microalgae in wastewater.
Phosphates are also another major nutrient that is adequately
present and plays a major role as intermediates in carbohy-
drate metabolic activity [6]. The main challenge in cultivating
microalgae in raw wastewater is the presence of other microbes
that affect the biomass productivity [7,8]. The wastewater pro-
duced from urban areas consists of major eutrophic com-
pounds that affect other water bodies when discharged
without meeting its desirable limits [9].
Present scenario using biological treatment has a setback in
treating wastewater as the bacteria require fixed N:P ratio [10].
The effluent from the secondary treatment unit of domestic
wastewater treatment plant can be used for large scale cultiva-
tion of microalgae for biofuel production [11,12]. Chlorophyll
a is the photosynthetic pigment that is presented only in the
green microalgae and contains four nitrogen molecules for
each compound. Usually, all microalgae are photoautotrophs
that absorb light and convert into Adenosine triphosphate
(ATP), and Nicotinamide adenine dihydrogen phosphate
(NADPH) to carry out photosynthesis [13]. In general,
microalgae convert inorganic nitrogen into organic nitrogen
and assimilate as chloroplastic nitrogen [6,14]. Reducing phos-
phate to lowest level in wastewater treatment plants is impor-
tant to reduce chances of water pollution [15]. Green algae are
prominently used for domestic wastewater treatment
[5,8,12,16–20]. Although previously several studies have been
conducted on microalgae for wastewater treatment, not many
studies have been carried out on Chlorella pyrenoidosa and
Scenedesmus abundans with emphasis on ability for inorganic
pollutant reduction in raw and autoclaved sample with respect
to inoculum sizes. Within this view an attempt has been made
to study the effectiveness of C. pyrenoidosa and S. abundans for
removal of pollutants in domestic wastewater (raw and auto-
claved) by conducting batch studies and monitoring on daily
basis.2. Materials and methods
2.1. Culture preparation
C. pyrenoidosa (NCIM 2789) and S. abundans (NCIM 2897)
were collected from National Collection of Industrial Microor-
ganisms (NCIM), Pune, India. The cultures were separately
grown in 250 ml Erlenmeyer flasks containing 100 ml of BG
11 medium [21].2.2. Sample collection and its characteristics
The wastewater sample was collected from the aeration tank of
sewage treatment plant in a pre-cleaned, sterilized polyethylene
bottles. The collected samples were labeled, taken to the labo-
ratory and stored in a laboratory refrigerator at 4 C. All the
chemicals used in the study are purchased from Thomas baker
Ltd. (Mumbai, India) and the reagents were prepared using
double distilled water. The analysis of various characteristics
of the sample has been carried out as per standard procedure
prescribed by American public health association [22] and
the results are presented in Table 1.2.3. Experimental studies
Batch scale experiments were conducted on daily basis to under-
stand the ability of microalgal cultures for reduction of inor-
ganic pollutants. The main parameters such as Ammoniacal
Nitrogen (NH3-N), Phosphates (PO4
3), Nitrate (NO3-N), and
Chloride (Cl-) were considered for nutrient removal study and
measure of Chlorophyll a for growth measurement. All the
experiments were conducted in 500 ml conical flasks containing
300 ml of the wastewater sample under continuous illumination
of 1800 lux measured using TES Lux meter (TES CORP).
2.3.1. Chlorophyll estimation
The growth ofmicroalgaewasmonitored on daily basis by deter-
mining its chlorophyll content. The chlorophyll content of
microalgae is determined by methanol extraction followed by
spectrophotometric analysis [23]. 3 ml algae culture was cen-
trifuged at 10,000 rpm for 10 min. The supernatant was drained
off and the sample was re-suspended in ethanol/diethyl ether and
kept boiling for 5 min. After boiling, the sample was made up to
5 ml with ethanol/diethyl ether. The optical density was mea-
sured at 660 nm and 642.5 nm with solvent as a blank. The
chlorophyll contentwas determined using the following formula:
Chlorophyll ðmg=lÞ ¼ ð9:9  OD660Þ  ð0:77  OD642:5Þ3. Results
The chlorophyll profile of C. pyrenoidosa and S. abundans with
different inoculum size is presented in Fig. 1. It can be noted
from Fig. 1(a) that the maximum chlorophyll content in raw
sewage sample for C. pyrenoidosa with inoculum concentration
of 10% and 20% was observed as 11.4 mg/l and 7.73 mg/l in
4th day and 7th day, respectively. Similarly, from Fig. 1(b),
it can be noted that the maximum chlorophyll content in
raw sewage sample for S. abundans with inoculum concentra-
tion of 10% and 20% was observed as 7.23 mg/l and
7.12 mg/l in 6th day and 7th day, respectively.
3.1. Nutrient removal from sewage
3.1.1. Nitrogen removal
Nitrogen is one of the important compounds that are mainly
present in wastewater that exists in different forms viz., nitrite,
Figure 1 Growth curve of (a) Chlorella pyrenoidosa and (b)
Scenedesmus abundans.
Figure 2 Ammoniacal –Nitrogen (NH3–N) removal by (a)
Chlorella pyrenoidosa and (b) Scenedesmus abundans.
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of microorganisms. The results of batch study conducted for
removal of Ammoniacal-nitrogen (NH3-N) are presented in
Fig. 2a and b for C. pyrenoidosa S. abundans. It can be noted
from Fig. 2a that the maximum removal of Ammoniacal-
Nitrogen (NH3-N) by C. pyrenoidosa cultivated in raw sample
with the inoculum size of 10% and 20% was observed as
99.46% and 99.3%, respectively, whereas, in autoclaved sam-
ple with the inoculum size of 10%, it was observed as
98.86%. Similarly, it can be noted from Fig. 2b that the max-
imum removal of Ammoniacal-Nitrogen (NH3-N) by S. abun-
dans cultivated in raw sample with the inoculum size of 10%
and 20% was observed as 98.68% and 94.6%, respectively,
whereas, in autoclaved sample with the inoculum size of
10%, it was observed as 91.66%.
Nitrates are one among the supportive nitrogen sources for
microalgae. Fig. 3a and b presents the nitrates removal by
C. pyrenoidosa and S. abundans in raw sample and autoclaved
sample, respectively. It can be noted from Fig. 3(a) that the
maximum nitrate removal by C. pyrenoidosa cultivated in
raw sample with the inoculum size of 10% and 20% was
observed as 78% and 71%, respectively, whereas, in auto-
claved sample with the inoculum size of 10%, it was observed
as 80%. Similarly, it can be noted from Fig. 3(b) that the max-
imum nitrate removal by S. abundans cultivated in raw sample
with the inoculum size of 10% and 20% was observed as 81%
and 74%, respectively, whereas, in autoclaved sample with the
inoculum size of 10%, it was observed as 83%.
3.1.2. Phosphate removal
Phosphate is one of the important macronutrients for microal-
gae that are presented in lipids and nucleic acids and also act asintermediates for carbon metabolism [6]. Also, the metabolic
uptake of phosphate begins with phosphorylation which con-
verts ADP to ATP [24]. The removal of phosphate by C.
pyrenoidosa and S. abundans is presented in Fig. 4a, Fig. 4b
respectively. It can be noted from Fig. 4(a) that the maximum
phosphate removal by C. pyrenoidosa cultivated in raw sample
with the inoculum size of 10% and 20% was observed as 97%
and 96%, respectively, whereas, in autoclaved sample with the
inoculum size of 10%, it was observed as 86%. Similarly, it can
be noted from Fig. 4(b) that the maximum phosphate removal
by S. abundans cultivated in raw sample with the inoculum size
of 10% and 20% was observed as 96% and 97%, respectively,
whereas, in autoclaved sample with the inoculum size of 10%,
it was observed as 96%. Notably, C. pyrenoidosa with inocu-
lum size of 10% showed variation compared to 20% inoculum
size in raw sample which is due to prolonged acclimatization
period.
3.1.3. Chlorides
The chloride removal efficiency by C. pyrenoidosa and S. abun-
dans in raw sample and autoclaved sample is presented in
Fig. 5a and b. The batch studies conducted in raw sample
using C. pyrenoidosa (Fig. 5a) with the inoculum size of 10%
and 20% showed the chloride removal of 91% and 86%,
respectively, whereas, in autoclaved sample with 10% inocu-
lum size, it was observed as 88%. Similarly for S. abundans
(Fig. 5b) the chloride removal efficiency was observed as
85% and 91% for raw samples with inoculum size of 10%
Figure 3 Nitrate (NO3–N) removal efficiency by (a) Chlorella
pyrenoidosa and (b) Scenedesmus abundans.
Figure 4 Phosphate (PO4
3) removal by (a) Chlorella pyrenoidosa
and (b) Scenedesmus abundans.
1294 B. Lekshmi et al.and 20%, respectively, whereas, it was observed as 90% for
autoclaved sample with 10% inoculum size.
4. Discussion
The growth factor (Chlorophyll) is an important parameter to
evident the photosynthetic activity of algae growing in sewage.
Additionally, varying inoculum size helps in determining the
behavior of algae in the sewage. The accumulation of chloro-
phyll is shown in Fig. 1a which depicts C. pyrenoidosa in raw
sewage with 10% inoculum showed higher growth (Chloro-
phyll accumulation) when compared to 20% inoculum
whereas there was not much significant change for S. abundans
in Fig. 1b by varying inoculum sizes. Thus, increase in inocu-
lum size leads to decrease in chlorophyll which may be due to
the fact that the lesser availability of C:N ratio as nitrogen is
the important source for accumulation of chlorophyll.
Although autoclaved swage is not economical at practical
scale, this condition gives us better picture in microalgae abil-
ity to degrade the pollutants. In this study, S. abundans exhibit
better growth (chlorophyll accumulation) when compared to
C. pyrenoidosa. However, the maximum chlorophyll content
observed in the autoclaved sewage sample was low as
compared to raw sewage cultivated by both the microalgae
C. pyrenoidosa (4.92 mg/l) and S. abundans (5.98 mg/l) which
proves that for growth of microalgae, nutrition condition is
one of the key factors that control their growth [25,26].
Microalgae preferentially use inorganic nitrogen for growth,particularly nitrates and ammonium but some of them are able
to grow on organic nitrogen [27]. However the growth rate
(chlorophyll) increment with 10% inoculum may be due to les-
ser energy needed to uptake into cell for its metabolic activity.
On the other hand inorganic sources such as nitrates, ammoni-
acal nitrogen, phosphates, and chlorides are some important
pollutants in a wastewater so it is necessary to reduce the levels
before discharging. It can be noted from Fig. 2a that not much
variation was occurred on ammoniacal nitrogen removal
exhibited by C. pyrenoidosa in autoclaved sample and raw sew-
age but, removal was slightly high in case of raw sample com-
pared to autoclaved sample, whereas, from Fig. 2b it can be
easily observed that S. abundans on raw sewage is higher com-
pared to autoclaved sewage. The possible reason in depleting
ammoniacal nitrogen in raw sewage would be due to synergis-
tic effect which is lacking in autoclaved sample. Furthermore,
it can also be noted that as ammonia removal increases,
chlorophyll accumulation increases for all samples. This result
exhibits that changes in nitrogen source can alter the pigment
composition in microalgae [28].
In the presence of ammonia nitrogen, uptake of nitrate
nitrogen is slow in microalgae as the energy required for nitrate
assimilation is very high compared to ammonium [14,29]. It can
be observed from the Fig. 3 as both microalgae exhibited higher
removal of nitrates in autoclaved sewage compared to raw sew-
age. The greater efficiency is due to nitrate grown cells in
growth medium that is responsible in the conversion of photo-
synthetically generated reducing power for its metabolic activ-
ity as mentioned by Rhee and Lederman [30]. Among the other
Figure 5 Chloride (Cl) removal by (a) Chlorella pyrenoidosa
and (b) Scenedesmus abundans.
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plays a main role in microalgae growth rates in higher produc-
tion [28]. It can be noted from Fig. 4a C. pyrenoidosa with 10%
inoculum in raw sewage exhibited higher removal whereas from
Fig. 4b there is not much significant difference in removal rates
by S. abundans in raw and autoclaved sewage. However, inocu-
lum concentration of 20% exhibited higher removal of phos-
phates. Overall, it is clearly visible that algal cultures could
utilize the inorganic compounds efficiently. It is also important
to note that, N/P ratio in the wastewater is 4.15 whereas the
optimal requirement of growth of microalgae is suggested to
be in the range of 6.8–10 [31] which indicates that N:P ratio
is lower than the optimal range. Nevertheless, despite lower
N:P ratio algal growth was found significantly more than
10 days after which the growth starts declining. The one
plausible reason for declining stage after 10 days is the deple-
tion of nutrients such as nitrogen and carbon that results in
unfavorable nutrient ratio [32]. Furthermore, a green microalga
requires more nitrogen and phosphates than any other species
that helps to utilize nitrogen compounds when the phosphate
is relatively very high [33]. It is also important to note other
inorganic salts such as chloride are assimilable by microalgae.
The reason for chloride uptake may be due to the fact that both
algae may have highly permeable membrane that helps in accu-
mulation of Cl ions due to external osmotic pressure and also
at low light intensities [34].
5. Conclusion
The present study showed that both microalgae C. pyrenoidosa
and S. abundans are highly adaptable in sewage water. Themax-
imum nutrient removal was observed with 10% inoculum size
and found to be as follows: Ammoniacal nitrogen – 99.4%,98.6%; Nitrates – 78%, 81%; Phosphates – 97%, 96%; Chlo-
rides – 91%, 85% for C. pyrenoidosa and S. abundans respec-
tively. Growth in sewage appeared to be very effective for
microalgae cultivation that reflected in chlorophyll accumula-
tion. The maximum chlorophyll content obtained for 10%
inoculum size was 11.4 mg/l and 7.23 mg/l for C. pyrenoidosa
and S. abundans, respectively. Based on the study it can be con-
cluded that both C. pyrenoidosa and S. abundans with 10%
inoculum size can be used for wastewater treatment with respect
to nutrient removal.References
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